SUMMARY The epinephrine (E) and noreplnephrine (NE) urinary excretion before and after a mild "emotional stimulus" (ES) was determined in 22 patients with cerebral infarction and 30 patients with cerebral hemorrhage, as well as in 18 normotensive and 18 hypertensive controls. In patients with cerebral infarction, the majority normotensive, the "emotional stimulus" induced a significant increase in NE excretion, but nonsignificant alterations in E excretion. Similar changes were noted in normotensive controls. In patients with cerebral hemorrhage, almost all hypertensive, and in hypertensive controls, ES brought about a consistent rise in E excretion without influencing significantly the NE excretion. The presence of a constant increase in E excretion after a mild emotion not only in patients with cerebral hemorrhage but also in subjects with uncomplicated essential hypertension, suggests that the E release found in patients with cerebral hemorrhage is related to the hypertensive state pre-existing the stroke rather than to hemorrhagic stroke itself. The pattern of catecholamine discharge in hypertensive patients might play a part in the occurrence of cerebral hemorrhagic accidents. The epinephrine discharges induce sudden increases in systolic blood pressure which could lead to the rupture of cerebral vessels with byalinotic or atherosclerotic alterations.
IT HAS BEEN shown that the level of epinephrine (E) is much higher in the acute stage of cerebral hemorrhage than in the acute stage of cerebral infarction in the plasma and CSF, 1 and in urinary excretion. 2 -' In cerebral hemorrhage the urinary excretion of E is high in the subacute period as well. ' One might assume that the marked epinephrine release found in patients with cerebral hemorrhage is secondary to the stroke and could be ascribed to the stimulation of the autonomic centers in the hypothalamus by the presence of the subarachnoid blood. 4 An alternate hypothesis might be that a biochemical abnormality in this group of patients precedes their stroke and is related to the hypertension itself. The latter assumption is suggested by the data of Nestel 6 who found that an increase in E excretion during mental stress is 5 times higher in subjects with labile hypertension than in normotensives.
In the present paper we studied the alterations in E and norepinephrine (NE) excretion induced by a mild "emotional stimulus" (ES) in patients who sustained hemorrhagic or ischemic strokes, as well as in hyperand normotensive subjects without cerebrovascular accidents. The finding of a similar pattern of catecholamine (CA) discharge, i.e. an increased excretion of E, both in patients with cerebral hemorrhage and subjects with uncomplicated hypertension, supports the hypothesis that the abnormality in E release found precedes the stroke, and has a relationship to the hypertension.
Clinical Material
The study used the following categories of patients: a) Twenty-two patients with cerebral infarction (mean age 56.1 years); 13 of them were normotensive, From the Institute of Neurology and Psychiatry, 10-12 Berceni St., Bucharest, Romania. and 9 hypertensive. The study was performed during the second month after stroke in 12 patients and one year or more after stroke in the remaining 10. In all the diagnosis was based on clinical findings, CSF analysis, and in 18 on carotid angiography which showed occlusion of extra-or intracranial major arteries. Based on the clinical picture and angiographic data the infarct was cortical in 11 and subcortical in the others. The neurological deficit was moderate in 8 patients and severe in the other 14. Patients with disorders of consciousness or dysphasia were not included in the study, as the investigation required the subjects' full cooperation. b) Thirty patients with cerebral hemorrhage (mean age 58.5 years), all but 2 of whom were hypertensive. At testing time some of them had blood pressures under 160/100 mm Hg but they had had higher values before. The testing was made during the second month after stroke in 20 patients and one year or more after onset of stroke in the other 10. The hemorrhagic nature of the stroke was judged after lumbar puncture made within the first days after onset, which showed a bloody or intense xanthochromic fluid with erythrocytes in the sediment. Clinically the hemorrhage was hemispheric in all the patients, being probably located in the capsular area (15), thalamus (6) and subcortical region (9) . The neurological deficit was moderate in 13 patients and severe in the other 17. None of these patients had impaired consciousness or showed evidence of speech disorder.
c) The next category included 18 patients with lumbar disc disease (mean age 50.3 years) and with normal blood pressure. d) Finally, there were 18 patients with uncomplicated essential hypertension (mean age 56.8 years). The history in almost all patients showed hypertension in other family members. Blood urea and urine analysis were normal in all patients. The ocular fundus examination showed spastic retinal arteries with an
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exaggerated arterial reflex in all and in many the presence of Gunn's Crossing sign, but no other more severe alterations (i.e., hemorrhage, exudative lesions, papilledema).
The patients with uncomplicated essential hypertension were admitted to the hospital especially for the present investigation and were kept without antihypertensive medication for 3 days prior to determinations. The normotensive subjects with lumbar disc disease, who had received analgesics and muscle relaxing drugs, were also free of any medication for 3 days before the study.
The patients with cerebral infarction were put on Complamin (xanthinol nicotinate) and papaverine, while the patients with cerebral hemorrhage received a mixture containing mtinum and ascorbic acid and vitamins of the B group (B,, B a ). In hypertensive patients, either with cerebral infarction or hemorrhage the medications included antihypertensive drugs consisting of diuretics and resperpine (0.25 mg X 3 daily). All these medications were discontinued 24 hours prior to study except for those patients studied one year or more after their stroke. These patients were kept without medication until the studies were performed within the first days after admission. They had not taken at home any kind of treatment for at least one week. The patients and controls were put on a diet free of CA for 3 days before investigation.
Methods
The testing emotional stimulus consisted of connecting the subject to a closed circuit anesthesia apparatus for 5 min.
At 7 a.m. the fasting patient emptied his bladder, drank 250 ml of water, then remained supine until 9 a.m., when the blood pressure and heart rate were measured. Then the urine (required for the assay of basal CA urinary excretion) was collected and immediately sent to the laboratory where the volume was measured and 25 ml transferred to a bottle containing 1 ml of 4N perchloric acid and 1 ml of 1% sodium metabisulfite. The bottle was then stored at -20°C until assay of CA.
At 9 a.m. the patients were led to the experimental room. The investigation was carried out each time in the same room and in the presence of the same staff. The subject lay down and after a few minutes blood pressure and heart rate were measured. He was then instructed that oxygen would be administered through the mask of the narcosis apparatus and that the procedure would be completely harmless. The mask was then applied to the subject for 5 min during which he was permitted to breathe atmospheric air by adjusting the valve of the mask. Blood pressure and heart rate were again measured 1 min after application and 2 min after removal of the mask. The patient then returned to the ward, where he drank 250 ml of water and was kept supine until 11 a.m., when the urine required for CA excretion after ES was collected.
Measurements of CA excretion were made with the 
Results
The mild ES applied in this study induced in normotensive controls a constant increase in NE urinary excretion without changing significantly the E urinary excretion. An opposite pattern of post-emotional CA excretion was noticed in hypertensive controls who displayed a consistent rise in E excretion, the NE excretion showing nonsignificant alteration (table 1) . During ES application the normotensive controls displayed a significant increase both in systolic and diastolic blood pressure but their heart rate remained unchanged. An increase in systolic blood pressure and a significant rise in heart rate were found in hypertensive controls.
Patients with cerebral infarction reacted to ES by an increase in NE urinary excretion, the E excretion remaining, on the average, uninfluenced. The patients with cerebral hemorrhage responded to ES by a consistent rise in E urinary excretion; NE excretion showed nonsignificant alterations. During ES both the patients with cerebral infarction and those with cerebral hemorrhage displayed a significant increase in systolic and diastolic blood pressure, but the rise in systolic blood pressure was more marked in the latter. The heart rate rose slightly in patients with cerebral infarction and significantly in those with cerebral hemorrhage (table 1) . The individual variations of NE and E urinary excretion within the different groups of patients are presented in figures 1 and 2. After ES the hypertensive controls and patients with cerebral hemorrhage had similar patterns of CA excretion.
Thirteen patients with cerebral infarct were normotensive and 9 were hypertensive. After ES the significant rise in NE excretion in both categories of patients was more marked in the former. The changes in E excretion were not significantly depressed in normotensives and only slightly up in hypertensives (table 2) .
The period of testing -within the second month or one year or more after stroke -did not effect the results. The significant post-emotional increase in NE excretion was found in patients with cerebral infarction regardless of the time elapsed after stroke. The significant increase in E excretion occurred after ES in patients with cerebral hemorrhage irrespective of time interval after onset of stroke (table 3). The patients with cerebral infarction or cerebral hemorrhage tested within the second month after stroke were kept without therapy for only 24 hours before CA determination, while those studied after one year or later were free of any medication for at least one week before the study. The similarity of results in these 2 categories of subjects with either condition (cerebral infarction or cerebral hemorrhage) suggests that the testings made 24 hours after therapy withdrawal were not significantly influenced by the medications given.
The severity of the clinical picture did not influence the pattern of CA discharge after ES either in patients with cerebral infarction or cerebral hemor- rhage. For cerebral infarction the increase in NE excretion was significant both in patients with a moderate and in those with a severe neurological deficit while E excretion was only slightly changed in both categories. For cerebral hemorrhage patients the increase in E urinary excretion was significant both for moderate and for severe neurological deficits, while the increase in NE excretion was present only in FIGURE 
Individual variations in NE urinary excretion induced by ES in normotensive controls (A), hypertensive controls (B), cerebral infarct patients (C), cerebral hemorrhage patients (D). Ordinate: values ofNE expressed in ng/h NE^s: alterations (increases or decreases) in NE urinary excretion after ES as compared to the basal value (NE B ) taken as O.
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Discussion
This investigation showed a specific pattern of catecholamine discharge following a mild "emotional stimulus" in hypertensive subjects as well as in patients who had sustained a hypertensive cerebral hemorrhagic accident. Such subjects responded to a mild "emotional stimulus" by a marked increase in E urinary excretion. In contrast the normotensive controls and patients with cerebral infarction (most of FIGURE them were normotensive) reacted with a constant increase in NE urinary excretion.
Individual variations in E urinary excretion induced by ES in normotensive controls (A), hypertensive controls (Bj, cerebral infard patients (C), cerebral hemorrhage patients (D). Ordinate: values of E urinary excretion expressed in ug/h EBB-' alterations (increases or decreases) in E urinary excretion after ES as compared to the basal value (E B ) taken as O.
364
The post-emotional E release found in our hypertensive subjects is in agreement with the results reported by Nestel. 8 This author studying the effect of a 40 min duration mental stress (solution of a set of visual puzzles) on CA urinary excretion in young subjects with normal blood pressure or with labile hypertension found a significant rise in E excretion, much more important in the latter (132%) than in the former (24%). His hypertensives displayed a rise also in NE excretion, but the change was less than that of E.
It has been reported that active, aggressive displays are associated with a rise in NE urinary excretion, and anxious but passive displays are related to increased E excretion. 8 Studying the alterations in CA excretion produced by gravitational stress, Goodall' found an increase in E excretion even in the period preceding the centrifugation, the alteration being related to the subjects' emotional state. The centrifugation was followed by a dominant rise in NE excretion. Frankenhiuser 10 reported that situations characterized by uncertainty produced an E response; on the contrary, NE response could be related to an attention-demand- ing activity. In his extensive investigations on the changes in CA urinary excretion produced by various psychic stimuli in normal young subjects Levi 11 reached the conclusion that the excretion of both E and NE reflects the intensity of the stimulus rather than its quality. The investigations based on CA plasma determination also suggest that CA release is influenced by the intensity of stimuli. Speaking before an audience is followed by a rise only in NE plasma level, 12 whereas racing car driving induces an increase in NE as well as in E plasma level. 1 ' Both situations imply an active participation of the subjects but the emotional stress is apparently stronger in the latter than in the former condition.
According to the above data it could be reasoned that the predominant rise in E urinary excretion found in hypertensive controls and patients with cerebral hemorrhage after ES is due to the state of anxiety they experienced during application of a mild emotional stimulus. The testing stimulus may have aroused in them a higher degree of emotion than in other categories of patients. Davies 14 reported an increased level of anxiety in hypertensives but his data were not confirmed by Esler et al." In a further interpretation the abnormal E discharge found following a mild "emotional stimulus" in hypertensive controls and patients with cerebral hemorrhage might be due to the existence in them of an increased reactivity of the central mechanisms controlling the release of this amine. This interpretation is supported by our previous investigation showing that under insulin-or tolbutamide-induced hypoglycemia the patients with cerebral hemorrhage excrete larger amounts of vanilmandelic acid (VMA) than do the controls and patients with cerebral infarction. 1 ' As VMA is a metabolite of E" and hypoglycemia induces an increase in E release by stimulating some centers situated in the brainstem, 1 ' the excessive VMA excretion found under hypoglycemia in patients with cerebral hemorrhage suggest the overreactivity of centers controlling E release.
In previous studies in which we found abnormally high values of E in plasma and CSF, 1 and in urine 3 of patients with cerebral hemorrhage we considered these alterations secondary to the hemorrhagic stroke and due to the stimulation of the autonomic centers in the hypothalamus by the presence of subarachnoid blood. The interpretation was based on the investigations of Hallpike et al.* who found glucoregulation abnormalities in patients with subarachnoid hemorrhage. They have hypothesized that the subarachnoid blood modifies the responsiveness of hypothalamus autonomic centers. The present study suggests that the abnormality in E release observed in patients with cerebral hemorrhage has preceded their stroke, and is due to the hypertension itself.
If the excessive epinephrine response encountered in patients with cerebral hemorrhage is related to hypertension, hence preexisting their stroke, then this response could be involved in the genesis of their stroke. Accordingly, one might suspect that in hypertensive subjects with cerebral hyalinosis or athero-STROKE VOL 12, No 3, MAY-JUNE 1981 sclerosis the excessive epinephrine discharge brought about by an emotional state or other stress stimuli could induce peaks in systolic blood pressure which might be implicated in the rupture of cerebral arteries. The hypothesis is supported by the observation that in animals injections of small doses of E are followed by intracerebral and subarachnoid hemorrhage. 19 
